We revisited the BeppoSAX observation of SAX J0635ϩ0533, which was suggested as a possible counterpart to the gamma-ray source 2EG J0635ϩ0521. We have discovered a 33.8 ms pulsation from the source and derived an improved position, consistent with the location of the Be star proposed as a binary companion. We interpret the periodicity as the spin period of a neutron star in a binary system with a Be companion.
INTRODUCTION
The X-ray source SAX J0635ϩ0533 was discovered by Kaaret et al. (1999) thanks to a BeppoSAX observation within the error box of the unidentified galactic gamma-ray source 2EG J0635ϩ0521 (Thompson et al. 1995) , a candidate gammaray pulsar as suggested by its hard gamma-ray spectrum (Merck et al. 1996) . The X-ray source is characterized by quite hard X-ray emission detected up to 40 keV (Kaaret et al. 1999 ). Its energy spectrum is consistent with a power-law model with a photon index of 1.5, an absorption column density of 2.0 # , and a flux of in the 2-10 22 Ϫ2 Ϫ11 Ϫ2 Ϫ1
10 cm 1.2 # 10 ergs cm s keV energy band. A search for pulsed emission over a period range from 0.030 to 1000 s did not detect any pulsed signal. Due to the large error box of the gamma-ray source, the identification of SAX J0635ϩ0533 with 2EG J0635ϩ0521 is not definitive: such an identification could only be made through pulsed detection in both X-ray and gamma-ray emission or a much improved gamma-ray position.
Follow-up optical observations (Kaaret et al. 1999 ) suggest as a counterpart of SAX J0635ϩ0533 a Be star with a V magnitude of 12.8, located within the 1Ј X-ray source error box. The estimated distance is in the range of 2.5-5 kpc. The total galactic 21 cm column density along the optical counterpart direction is (Stark et al. 1992) , in agreement 21 Ϫ2
7 # 10 cm with an estimation derived from the extinction of the optical spectrum. Kaaret et al. (1999) assert that the larger column density for SAX J0635ϩ0533, estimated from the X-ray spectrum, implies the presence of circumstellar gas around the Xray source. Moreover, taking into account the positional consistency between the X-ray and the gamma-ray sources as well as the hard X-ray spectrum, the strong X-ray absorption, and the optical association with the Be star, they suggest that SAX J0635ϩ0533 is an X-ray binary emitting gamma rays.
We revisited the BeppoSAX observation of SAX J0635ϩ0533, available from the public archive (observation code 30326001). In this Letter, we present new imaging and timing results. Our analysis has revealed a 33.8 ms pulsation of the X-ray source. In § 2, we describe the observation and data reduction. In § 3, we report the data analysis procedures and results. We conclude with a discussion of the results in § 4.
OBSERVATION AND DATA REDUCTION
The field that includes the serendipitous source SAX J0635ϩ0533 was observed on 1997 October 23-24 by the Narrow Field Instruments (NFIs) on board BeppoSAX (Boella et al. 1997a ). In our analysis, we use only data coming from the two NFI imaging instruments, namely, the Low-Energy Concentrator Spectrometer (LECS) operating in the energy range of 0.1-10 keV (Parmar et al. 1997 ) and the MediumEnergy Concentrator Spectrometer (MECS) operating in the energy range of 1.3-10 keV (Boella et al. 1997b) . At the observation epoch, only two of the three MECS detector units were operating.
LECS and MECS raw data have been reduced in cleaned photon list files by using the SAXDAS version 2.0 software package and adopting standard selection criteria.
1 The source was located ∼3Ј off-axis. The total duration of the observation is 72,714 s, and the net exposure is 14,043 and 34,597 s for LECS and MECS, respectively. The different exposures are due to the fact that the LECS was only operated during satellite nighttime.
DATA ANALYSIS
In our analysis, we include only events within a 3Ј .7 radius around the source position; this radius optimizes the signal-tonoise ratio for SAX J0635ϩ0533 and contains ∼80% of the source signal for both LECS and MECS. Due to the fact that the source is strongly absorbed, we further improve the signalto-noise ratio by using the energy range of 1.8-10 keV for both the instruments. The resulting number of selected events is then 479 for LECS and 3658 for MECS. We estimate that less than 1% of these events is due to the diffuse and instrumental background.
Spatial Analysis
The position of SAX J0635ϩ0533 has been reevaluated by considering MECS data accumulated under specific constraints of the spacecraft; in particular, only data referring to the Z star tracker (the one aligned with the NFIs) in use have been taken into account. This allows us to reduce the attitude reconstruction error to ∼30Љ (90% confidence level).
2
After suitable smoothing of the screened data and then by using a Gaussian-centering procedure, the position has been found at , (J2000) with no h m s R.A. = 06 35 18 decl. = 05Њ33 11 significant statistical error. The error box is only determined by the attitude reconstruction error. The Be star (Kaaret et al. 1999 ) is within 30Љ of the SAX J0635ϩ0533 error box and 6Љ .8 distant from its center. Figure 1 shows a finding chart for SAX J0635ϩ0533 from the Digitized Sky Survey in a field of . Within the 4 # 4 reduced X-ray source error circle, only two of the seven stars referred to in Kaaret et al. (1999) are now present. The Be star is the brightest one that is positioned close to the center of the X-ray source error circle.
Temporal Analysis
The SAX J0635ϩ0533 light curve (1000 s bin size) for the MECS is shown in Figure 2a (gaps are present because of the nonobserving time intervals during South Atlantic Anomaly and Earth occultation). Figure 2a shows that the emission of SAX J0635ϩ0533 is variable up to a factor of 10. Figure 2b shows the hardness ratio between 4-10 and 1.8-4 keV bands. The relative contributions of these two energy bands are not constant, but no strong correlation with respect to the total intensity is evident.
In order to search for periodicity, the arrival times of all selected events have been converted to the solar system barycentric frame, using the BARICONV code. 3 The test (Buc- If SAX J0635ϩ0533 is a binary pulsar of rotational spin period and orbital period , the observed is modulated by P P P s o s the orbital motion. Thus, a direct search for a coherent oscillation at can be successful only if the modulation amplitude P s is small over the time interval in which the search is per-DT formed. This condition is satisfied if . To reduce the DT K P o effect of a possible orbital motion in the periodicity search, we divide the whole data span into M subintervals, calculating the statistics for each trial period in each subinterval, and then 2 Z 1 adding together the M-independent statistics: the sum results in a statistic with degrees of freedom (Bendat & Piersol 2M 1971) , which we refer to as the statistics. This
procedure results in a less noisy spectrum. Because the power depends on the square of the pulsed signal, its strength decreases with M, and only sufficiently strong signals can be detected. We selected time slices corresponding to intervals of continuous observation taken between two Earth occultation periods. The total number of these slices is , each one M = 13 lasting ∼3300 s. We adopted a frequency step df = 2 # spanning 50 Hz of search range with 250,000 trial x occurrence probability of having an excess greater than 99 is , as shown in Figure 4 . Taking into account the num-
Ϫ10
2 # 10 ber of trial frequencies used, the probability is , cor- for the persistence of the periodicity in the whole observation, we also binned the maximum-resolution spectrum of the entire data set by a factor of 13. We obtain a high We also performed a periodicity search over the full observation, including the first and second derivative of the frequency ( and , respectively) at the maximum-resolution step.f f The search was performed within the interval (1.1 ‫ע‬ 0.1) # 10 rameter resolution. Assuming a circular orbit, the second-order polynomial expansion of the frequency versus time relation is locally compatible with an orbital period of days and P ∼ 18 o a semimajor projected axis of lt-s. However, we a sin i ∼ 63 p stress that the interval of observation is much shorter than the derived orbital period and that the parabolic fit may not be a good representation if the orbit is eccentric. Thus, these results should be taken only as a possible indication of the orbital parameters and not as a firm detection of orbital motion. Figure 5 shows the pulse profile folding the data, taking into account the frequency derivative terms. Note that if the orbit is eccentric, the real pulse profile could be narrower.
